Selenium (Se)-deficient mice were labelled in vivo with single pulses of [75Se]selenite, and the intrahepatic distribution of the trace element was studied by subcellular fractionation. At 1 h after intraperitoneal injection of 3.3 or 10 ,g of Se/kg body weight, 15 % of the respective doses were found in the liver. Accumulation in the subcellular fractions followed the order: Golgi vesicular > lysosomal > cytosolic = microsomal > mitochondrial, peroxisomal, nuclear and plasma-membrane fraction. At a dose of 3.3,ug/kg, more than 90 % of the hepatic Se was protein-bound. When cross-contamination was accounted for, the following specific Se contents of the subcellular compartments were extrapolated: Golgi apparatus, 7.50 pmol/mg; cytosol, 0.90 pmol/mg; endoplasmic reticulum, 0.80 pmol/mg; mitochondria, 0.49 pmol/mg; nuclei, lysosomes, peroxisomes and plasma membrane, less than 0.4 pmol/mg. At 10 ,ug/kg, a roughly 2-3-fold increase in Se content of all fractions was found without major changes in the intrahepatic distribution pattern. An extraordinary rise in the cytosolic fraction was due to an apparently non-protein-bound Se pool. At 24 h after dosing, total hepatic Se had decreased to 6 % of the initial dose and had become predominantly protein-bound. The 60 % decrease in hepatic Se was reflected in a similar fall in the subcellular levels of the trace element. The Golgi apparatus still had the highest specific Se content, although accumulation was 5 times less than that after 1 h. The cytosolic pool accounted for 50 % of the hepatic Se at both labelling times. After 1 h the Golgi apparatus was, with 19 %, the second largest intrahepatic pool, followed by the endoplasmic reticulum with 16 %. The high affinity and fast response of the Golgi apparatus to Se supplementation of deficient mice is interpreted in terms of a predominant function of this cell compartment in the processing and the export of Se-proteins from the liver.
INTRODUCTION
Previous work from this laboratory focused on the biochemical characterization of selenium (Se)-deficient mouse liver. During initial depletion, loss of the selenoenzyme GSH peroxidase (GSH-Px) to virtually undetectable levels was found. When dietary Se deprivation was further continued, extensive metabolic perturbations were observed [1] . Different pathways, such as drug metabolism, glucose catabolism and the tricarboxylic acid cycle were affected in severely deficient mouse liver [1, 2] . Beyond this, the hepatic potential for a proliferative response was increased when partial hepatectomy was used as a stimulus [3] . Indications of a metabolic impairment of the liver as judged by increased serum transaminases or alterations in plasma protein pattern were not evident [4] . The diversity of the effects with respect to the direction of the changes and the cell compartments affected point to a highly controlled response of the liver to Se deficiency. A causatively exclusive regulatory role of GSH-Px on these metabolic modulations was challenged on the basis of the de-and re-pletion experiments [5, 6] . The restoration of drugmetabolism changes to the control state obeyed a common dose-dependency and occurred at a much lower dose of Se than was needed to restore GSH-Px activity. The existence of other hepatic requirements of the trace element with an even higher affinity for Se than GSH-Px was demonstrated by Burk et al. [7] with the selenoprotein '75Se-P' [8] .
A more detailed understanding of the functions of Se incorporated into GSH-Px as against (a) very small pool(s) related to other hepatic functions seems to be needed. Therefore we studied the subcellular distribution of a tracer dose of Se in deficient mouse liver at dose levels below and above the threshold for reversal of enzyme modulations in drug metabolism.
MATERIALS AND METHODS
Weanling male albino mice (strain NMRI han) were made Se-deficient by feeding a low-Se diet (10 p.p.b. of Se) for 6 months [9] . Se deficiency was assessed by measuring the fall in Se-dependent GSH-Px activity and the occurrence of enzyme modulations in mouse liver [1] over Se-adequate controls. The GSH-Px activity of mice used for the labelling experiments was 1 % of that of controls, whereas glutathione S-transferase activity towards 1-chloro-2,4-dinitrobenzene was increased 2.7-fold.
[75Se]Selenite (sp. radioactivity: 1.2 GBq/mg, 9900 radionuclidic purity) was injected intraperitoneally at doses of 3.3 or 10 ,ug of Se/kg body weight respectively. Each labelling experiment involved a single mouse. When the intrahepatic Se distribution was studied after 1 h, mice were fasted for 24 h before injection. After the Abbreviations used: GSH-Px, glutathione peroxidase (EC 1.11.1.9); p.p.b., parts per billion (IO'). 24 h 'in vivo' labelling interval, food was withdrawn immediately after dosing. At the end of the specified labelling period animals were killed by cervical dislocation and the liver was perfused with ice-cold saline (0.900 NaCl) before subcellular fractionation.
The experimental protocol followed essentially methods described by Fleischer & Kervina [10] and by Wattiaux et al. [11] for the fractionation of rat liver. A detailed description of the adaptation of the combined methods to the fractionation of a single mouse liver, yielding nuclear, plasma-membrane, mitochondrial, peroxisomal, lysosomal, microsomal, Golgi and cytosolic fractions was described in the preceding paper [12] . The purified subcellular fractions were characterized as described in [12] by the specific DNA content and specific marker-enzyme activities. Specific DNA content served as a marker of nuclei. The specific activities of 5'-nucleotidase, succinate dehydrogenase, catalase, acid phosphatase, UDP-galactosyltransferase and lactate dehydrogenase were used as markers of plasma membrane, mitochondria, peroxisomes, lysosomes, Golgi vesicles and cytosol respectively. 75Se was determined in 500 ,ul aliquots of the very same subcellular fractions in a Packard model 5320 y-radiation counter. Furthermore, protein in a 200 Iul portion of each fraction was precipitated by addition of cold 100 (w/v) trichloroacetic acid. After centrifugation at 10000 g for 5 min, the precipitate and an aliquot of the supernatant were assayed for 75Se. In some experiments, before precipitation, samples were incubated with 100 mMdithiothreitol for 15 min at room temperature in order to release 75Se from protein-bound mixed disulphides. Estimates of the specific 75Se contents of the cell compartments were derived by regression analysis of the specific marker contents/activities ( Table 2 below) and the 75Se contents (Table 3 below) of the different subcellular fractions. In other words, an array of nine equations (one for each subcellular fraction) with eight variables (one for each subcellular marker) was calculated using the 75Se-distribution data of each labelling experiment. These calculations yielded pmol of 75Se/,tg of DNA or munits of marker-enzyme activity and were converted into specific Se content on the basis of the subcellular marker distribution. Similarly a set of eight equations with eight variables (one for the protein content of each compartment) was calculated for the subcellular markers. For simplicity reasons 
RESULTS
Severely Se-deficient mice were labelled in vivo with a single pulse of [75Se]selenite, and its intrahepatic distribution was studied by subcellular fractionation. Interest was focused on obtaining highly enriched nuclear, plasma-membrane, mitochondrial, lysosomal, peroxisomal, microsomal, Golgi and cytosolic fractions rather than giving a quantitative account of the hepatic protein distribution. A characterization of the various subcellular fractions, i.e. the distribution of specific DNA content and marker-enzyme activities in the subcellular fractions, is given in Table 1 . Purity of the individual fractions can be estimated as specific cross-contamination, i.e. 00 residual marker-enzyme activity in the contaminated fraction relative to the maximal marker enzyme activity in the highly purified subcellular fraction from which the enzyme originated. In the nuclear, mitochondrial, peroxisomal and cytosolic fractions, only minor contamination by other cellular compartments was detected. In contrast, the plasma-membrane and microsomal fractions showed a roughly 200 specific contamination by the mitochondrial marker. Furthermore, the Golgi and the lyso- somal fractions were subject to considerable cross-contamination. Enrichment as compared with the homogenate was highest for the lysosomal (60-fold), followed by the Golgi vesicles (51-fold), the plasma-membrane (27-fold), peroxisomal (14-fold) and microsomal as well as nuclear fraction (6.5-fold). The enrichment indices of the mitochondrial and cytosolic fraction were 4 and 3 respectively. The intrahepatic Se distribution was determined concomitantly in the very same subcellular fractions. In Table 2 the conditions of the three labelling experiments differing in dose and/or labelling time, and the hepatic recoveries, are summarized. About 15 0/ of the dose was found in mouse liver after 1 h, regardless of whether a pulse of 3.3 or 10 jag of 75Se/kg had been given. The specific 75Se contents of the subcellular fractions are given in Table 3 . At 1 h after injection of 3.3 jag of 75Se/kg, 0.50-0.65 pmol/mg of protein was found in the nuclear, plasma-membrane, mitochondrial and peroxisomal fractions of the liver. Approx. 1 pmol of 75Se/mg of protein was present in the microsomal and cytosolic fractions. The Golgi fraction had the highest specific Se content, with 8.16 pmol/mg, followed by the lysosomal fraction, with 2.42 pmol/mg. When aliquots of the different subcellular fractions were treated with 100% trichloroacetic acid, over 900 of the label remained in the precipitate. The Golgi fraction was characterized further. Treatment with dithioerythritol at 100 mmol/litre, in order to release Se from mixed disulphides, did not result in a significantly decreased 75Se content of the precipitate. In the liver of the animal which had received 10 jag of Se/ kg, a 2-3-fold rise in the 75Se content of all fractions as compared with the 3.3 jag/kg dose was observed without major changes in the intracellular 75Se distribution pattern. Only the cytosolic fraction showed an extraordinary increase in total 75Se content. However, in contrast with the remaining subcellular fractions, approx. 500 of the cytosolic and 260% of the 75Se in the homogenate was soluble in 100 trichloroacetic acid. At 24 h after injection, the hepatic 75Se content had decreased to 60 of the 10 jag/kg dose and was predominantly precipitated by trichloroacetic acid. In most fractions the specific Se content was reduced by 500 compared with the levels accumulated after a 1 h labelling time. The Golgi fraction still retained the highest specific 75Se content among the subcellular fractions, although accumulation was 5 times less than that after 1 h. By the same token, proteinbound 75Se in the cytosolic fraction was decreased only by 3000, despite the 6000 overall fall in hepatic Se content after 24 h.
From the specific markers (Table 1 ) and the 75Se distribution (Table 3) among the subcellular fractions, estimates of the specific 75Se contents and the pool sizes of the cell compartments were derived. As shown in Table 4 , approx. 800 of the Se content of the lysosomal fraction and roughly 40-500 in the plasma-membrane, peroxisomal fraction originated in other cell organelles, especially the Gogli apparatus. The specific Se content among the different subcellular compartments decreased in all experiments uniformly in the order: Golgi apparatus > cytosol = endoplasmic reticulum > mitochondria > nuclei, plasma membranes, peroxisomes and lysosomes. Under all conditions studied the cytosol accounted for roughly 500 of the hepatic Se. The Golgi apparatus was the second largest intrahepatic pool after 1 h, but declined from 19 to 800 within 24h. Similarly the endoplasmic-reticular pool decreased from 16 to 120% during this time. In contrast, the relative contributions of the mitochondrial and nuclear pools to The observed moderate accumulation of Se in mitochondria, endoplasmic reticulum and cytosol are in agreement with previous studies from other laboratories [13] [14] [15] . A cytosolic trichloroacetic acid-soluble Se pool was detected after 1 h labelling with 10, but not 3.3, jug of 75Se/kg body weight. The solubility in cold 100% trichloroacetic acid seems to exclude a protein-bound form of Se, but could be explained by selenotrisulphide formation [16] or incorporation into tRNA species [17] . The threshold of the appearance of this pool can be estimated to be similar to that reported for reversal of certain metabolic perturbations in deficient mouse liver [6] [18] . The transient nature of the pool argues against a Se-containing constituent in this cell organelle. The role of the Golgi apparatus in modifying and exporting proteins from the cell rather suggests an association with the processing and the export of Se-proteins like 75Se-P [8, 9] . The flow through the Golgi apparatus is difficult to estimate, but it seems likely that a considerable portion of the 600% decrease in hepatic Se content within 24 h was processed via this route.
During deficiency the liver could play a central distributor function in supplying Se specifically to tissues with a more stringent need for the element, such as, for example, the testis. The redistribution of Se in deficient rat tissues, reported by Behne et al. [19] , corroborate this view. The unique blood supply and the high metabolic activity make the liver an ideal organ to screen for and recycle dietary and endogenous Se. Thus the loss of the trace element can be minimized provided the liver is fairly insensitive to any damaging effects of pure Se deficiency or can cope with them.
